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Abstract. Selecting the right supplier is one important process in a supply chain of a company. It will reduce procurement cost 
but increase stakeholders’ satisfaction. Living in the environment filled with uncertainties, while the suppliers are prescribed 
under multiple criteria and also the expert may not be able to evaluate the suppliers precisely, fuzzy multi-criteria decision 
making (MCDM) is used to handle this uncertain situation. However, the classical fuzzy MCDM assumes decision information is 
completely reliable. Thus, the main aim of this study is to incorporate the degree of reliability of the expert’s judgment in fuzzy 
environment by integrating fuzzy MCDM with Z-number. Fuzzy AHP is used to determine the weight of criteria/sub-criteria and 
rating the suppliers in an automotive manufacturing company, while Z-TOPSIS is used to evaluate the overall performance of 
suppliers. Results of the evaluation would help the purchasing manager to determine the right supplier that fulfills the company’s 




In today’s highly competitive global market with advances in information technology and high demand 
customers, a company needs suppliers who can provide optimal source of supply in order to ensure the success of a 
business. Thus, a company needs a proper and systematic tool for evaluating supplier which is not only reduce the 
purchasing risk and maximize the overall profit but also increase customer satisfaction and build closeness 
relationships between buyers and suppliers. However, an improper selection of supplier may negatively influence 
the whole supply chain performance [1]. 
  Supplier selection is a multi- criteria decision making (MCDM) problem which involves many criteria which 
often conflict with each other [2-5]. Among the popular MCDM methods are Analytic Hierarchy Process (AHP) [6], 
Data Envelopment Analysis (DEA) [7], Technique for Order Preference by Similarity Ideal Solution (TOPSIS) [8], 
and VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR), in Serbian language which means Multi-
Criteria Optimization and Compromise Solution [9]. In dealing with the human uncertainty in making an evaluation, 
fuzzy theory [10] has been integrated to the MCDM and is known as fuzzy MCDM [11]. Such methods that have 
been implemented are Fuzzy AHP (FAHP) [12] and Fuzzy TOPSIS [13]. However, the classical fuzzy MCDM does 
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not consider the reliability of the decision information of the experts in making decision. Therefore, Zadeh [14] 
introduced Z-number theory that can represent fuzziness and reliability of information simultaneously. Among the 
methods that integrate Z-number with fuzzy MCDM are Z-TOPSIS [15], Z-VIKOR [16] and Z-AHP [17]. 
In this paper, integration of FAHP and Z-TOPSIS are used in analyzing performances of suppliers of automotive 
spare parts for a manufacturing company. The organization of this paper is given as follows. The following section 
provides the development of Z-TOPSIS. It is followed by establishing Z-TOPSIS for supplier selection in an 
automotive manufacturing company and conclusion. 
METHODOLOGY 
In this paper, eighteen spare parts suppliers for an automotive spare part manufacturing company were evaluated 
to select the best possible supplier that fulfilled the customer requirement and met the company goal. The selection 
of the supplier involved two phases. First, the weight of criteria and sub-criteria were determined, and the rating of 
the alternatives under each criterion using FAHP was carried out. Five criteria and sixteen sub-criteria were 
established by the Purchasing and Quality Assurance’s manager of the selected spare part company. Details 
procedures of FAHP can be referred in our previous paper [18]. Second, the overall score of each supplier was 
calculated by using Z-TOPSIS [15]. Based on the scores, the suppliers were then being ranked. The Z-TOPSIS 
method, proposed by Yaakob and Gegov [15] which embedded the concept of Z-number is basically the extension 
of TOPSIS method [13]. A Z-number can be denoted as ( , )Z A B=    where the first component represents the 
importance or weight of criteria and the ratings of the alternatives for each criterion, and the second component 
represents the reliability of decision makers in doing the ratings.  
EVALUATION OF OVERALL SUPPLIERS PERFORMANCE  
In implementing Z-TOPSIS, results of the importance or weight of criteria and the rating of the alternatives in the 
first phase were transformed to the linguistics variables using minimum, median, and maximum of the weight values 
for Very Low (VL) / Very Poor (VP), Medium (M), and Very High (VH) / Very Good (VG) respectively. For Low 
(L) / Poor (P) and High (H) / Good (G) the average between the two levels of linguistic variables were used. If the 
weight is less than the average of the two linguistics variables, it will be assigned to be linguistic variable which 
level is lower than the other one. All linguistics variables were expressed by triangular fuzzy numbers as shown in 
Table 1 and Table 2. Table 3 presents the importance or weight of sub-criteria using FAHP and their transformed 
linguistics variables of the weight of sub-criteria and the expert’s reliability of each of the components of Z-
numbers, Z = (A, B).   
 
TABLE 1. Linguistic variables for the importance of criteria and ratings of alternatives 
Linguistic Variables Triangular Fuzzy Number 
Very Low (VL) / Very Poor (VP) (0.00, 0.00, 0.25) 
Low (L) / Poor (P) (0.00, 0.25, 0.50) 
Medium (M) (0.25, 0.50, 0.75) 
High (H) / Good (G) (0.50, 0.75, 1.00) 
Very High (VH) / Very Good (VG) (0.75, 1.00, 1.00) 
 
TABLE 2. Linguistic variables for the expert’s reliability 
Linguistic Variables Triangular Fuzzy Number 
Strongly Unlikely (SU) (0.00, 0.00, 0.10) 
Unlikely (U) (0.00, 0.10, 0.25) 
Somewhat Unlikely (SWU) (0.15, 0.30, 0.45) 
Neutral (N) (0.35, 0.50, 0.65) 
Somewhat Likely (SWL) (0.55, 0.70, 0.85) 
Likely(L) (0.80, 0.90, 1.00) 
Strongly Likely (SL) (0.90, 1.00, 1.00) 
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Supplier Corrective Action Request  Q1 0.2528 VH SL 
Incoming Lot Acceptance Rate  Q2 0.1752 H SL 
Process Control Q3 0.1304 H SL 
Quality Programs Initiative  Q4 0.0546 M SL 
Production Line Interruption D1 0.0575 M SL 
Capacity Expansion Plan D2 0.0062 L SL 
On Time Delivery System Support D3 0.0478 M L 
Competitive Pricing C1 0.1040 H SL 
Cost Down Plan C2 0.0360 M SL 
Attend to Issues promptly CS1 0.0430 M SL 
Responsiveness CS2 0.0146 L SWL 
Regular Customer Visit CS3 0.0067 L SL 
Share Technology roadmap TS1 0.0189 L SWL 
New product and sustaining product 
support 
TS2 0.0331 M SL 
Market Intelligence TS3 0.0131 L SWL 
Invest expertise for development  TS4 0.0062 L SL 
 
The procedure of calculating overall score using Z-TOPSIS method is given as follows: 
 
Step 1: Derive component B using linguistics variables in Table 2 and then, convert Z-Numbers to Type-1 Fuzzy 
Numbers.  
 
Referring to Table 2, the criterion Q1 can be expressed as Z-number as follows:  
[(0.75,1.00,1.00;1), (0.90,1.00,1.00;1)]Z =  
 














Second, add the weight of reliability to the constraint as (0.75,1.00,1.00;0.9667)Zα =  
 
Third, convert the weighted Z-number to Type-1 fuzzy number as  
' ( 0.9667 *0.9, 0.9667 *1.00, ( 0.9667 *1.00)Z = (0.7250,0.9667,0.9667;1)=  
 
Repeat this step to the rest of sub-criteria and the alternatives. 
An example for weighted Z-number for alternative 5 (supplier 5 or S5) is given as follows. 
' ( 0.9 *0.9, , ( 0.9 *1.0) (0.225,0.450,0.675;1)Z = =    
 
Step 2: Construct the weighted normalized fuzzy decision matrix, V~  
Let ( , , )ijv a b c= , then Z-weighted normalized rating for S5 with respect to Q1, 51v  is calculated using the following  





= ~~ mi ,,2,1 =  and   nj ,,2,1 =  (1) 
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where ( ) jijij wrv ~~~ ⋅= . 
Let r51 = (0.225, 0.435, 0.675) and wj = (0.725, 0.9967, 0.9667), so v51(a, b, c) is calculated as follows,
0.225*0.725 0.163a = = , 0.435*0.9967 0.434b = = and 0.675*0.9667 0.6525c = =  
Therefore the Z-weighted normalized rating for S5 with respect to Q1 is 51 (0.163,0.435,0.6525).v =  
 
Step 3: Find Fuzzy Positive-Ideal Solution, *A and Fuzzy Negative-Ideal Solution, −A  
 





[(1,1,1) , (1,1,1) , , (1,1,1) ],









Step 5: Find distance of each alternative from *A and −A  
The distances between weighted normalized rating ijv  from FPIS and FNIS for each of the 18 suppliers are 





















The calculation for distance of S5 from FPIS, *A with respect to sub-criteria 1, Q1 is given as follows. 
  
* 2 2 2
51
1( , ) (0.163 1) (0.435 1) (0.6525 1) 0.6165
3
d C A  = − + − + − = 
 
and the similar calculation was conducted to the rest of sub-criteria. 
 






( , )j j
j
D d v v+
=
=∑  
0.6165 0.6755 0.6165 0.7525 0.7675 0.7675 0.7675 0.8247 0.8567 0.8567 0.8934 0.7679
0.8630 0.7675 0.8630 0.8648 12.5114
= + + + + + + + + + + + +
+ + + =
 
 




1( , ) (0.163 0) (0.435 0) (0.6525 0) 0.4625
3
d C A−  = − + − + − =    
and the similar calculation was conducted to the rest of sub-criteria. 
 
Thus, overall coefficient 5D
− is  
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0.4625 0.4259 0.4625 0.3338 0.3108 0.3108 0.3108 0.2417 0.2133 0.2133 0.1511 0.3277
0.1750 0.3108 0.1750 0.1727 4.5976
= + + + + + + + + + + +
+ + + + =
 
 
Then, the coefficients D+ and D−  are presented in Table 4. 
Step 6: Find Closeness Coefficient, iCC  
 





























The closeness coefficient and the ranking of 18 suppliers are shown in Table 4. Based on overall evaluation by Z-
TOPSIS method the most suitable supplier to be selected is S2 since this supplier achieves the highest value of 
closeness coefficient. While, the worst ranked supplier is S18. 
 
TABLE 4. Distance of each alternative from * andA ,A− closeness coefficient and the ranking of 18 
suppliers 
Supplier D+ D- CC Rank 
S1 12.1224 5.0108 0.292 7 
S2 10.4244 6.9760 0.401 1 
S3 11.4822 5.7227 0.333 4 
S4 11.2792 5.8939 0.343 2 
S5 12.5114 4.5976 0.269 9 
S6 12.5292 4.7264 0.274 8 
S7 12.9463 4.0071 0.236 15 
S8 13.7803 3.2578 0.191 17 
S9 11.3913 5.8021 0.337 3 
S10 12.6568 4.6208 0.267 10 
S11 11.4505 5.6879 0.332 5 
S12 13.0422 4.0249 0.236 16 
S13 11.7517 5.3679 0.314 6 
S14 12.9257 4.2306 0.247 12 
S15 12.9518 4.0915 0.240 14 
S16 12.9489 4.1531 0.243 13 
S17 12.6948 4.3022 0.253 11 




In this paper, FAHP and Z-TOPSIS have been implemented to select the best possible supplier in an automotive 
manufacturing company. The FAHP was used to determine the relative important of the criteria/sub-criteria or 




( , )j j
j




reliability is taking into account when assessing the weights of the criteria and the quality of suppliers based on each 
criterion and sub-criterion. Furthermore, closeness coefficient of the TOPSIS method considers the distance of 
performance of each supplier from the best and the worst achievements of the suppliers. This makes Z-TOPSIS has 
better characteristics and has the ability to provide selection in subjective-fuzzy based decision making problems. 
Therefore, incorporating Z-number with MCDM method is an appropriate measurement in assessing uncertainties 
and the reliability of information in expert’s judgment towards a holistic and a better decision. Besides, this 
methodology is adaptable to be applied in solving other multi-criteria problems such as financial performance and 
fault diagnosis. In future, for validation, the result can be compared with other established methods and validation 
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